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Abstract
The definition of the association between ovarian cancer and endometriosis was first reported by Sampson in 1925. He 
identified the following criteria: (a) clear evidence of endometriosis in proximity to the tumour, (b) exclusion of a metastatic 
tumour to the ovary, (c) presence of tissue resembling endometrial stroma surrounding epithelial glands. The naming of these 
cancers is “endometriosis-associated ovarian cancer” (EAOC). Scott proposed an additional stringent criterion: evidence 
of histological transition from endometriosis to cancer is to define “ovarian cancer arising in endometriosis” (OCAE). The 
aim of this systematic review is to analyse the distribution of different ovarian cancer histotypes in EAOC and OCAE to 
understand their similarities and differences. A total of 31 studies were included. Four studies added data for both EAOC and 
OCAE. Twenty-three studies were selected for EAOC, with a total of 800 patients, and 12 studies were selected for OCAE, 
with a total of 375 patients. The results show no significant differences in the distribution of histotypes in the two populations 
analysed. Clear cell carcinoma (CCC) and endometrioid carcinoma (EC) were the most common subtypes and were less 
frequent in EAOC compared to OCAE; the odd ratios were 0.58 (0.26–1.29) and 0.65 (0.33–1.26) respectively, although the 
difference was not statistically significant. The other histotypes were present in small proportions. This analysis shows that 
the histological profiles of EAOC and OCAE are similar, suggesting a similar aetiopathological mechanism, which requires 
further research to investigate whether EAOC and OCAE may be in the same way but at different points of the process to 
malignancy or have different pathways of progression to malignancy.
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Introduction

Endometriosis is a common inflammatory gynaecological 
disorder characterised by the presence of endometrial tissue 
outside the uterine cavity. Although endometriosis is con-
sidered a benign disease, malignant transformation has been 
reported. The most common site of malignant development 
is the ovary. Many studies have linked endometriosis to an 
increased risk of ovarian cancer; particularly, endometriosis 

is associated with a greater risk of clear cell and endometri-
oid histotypes, equal to 3.4-fold and 2.3-fold, respectively 
[1, 2]. However, the development and neoplastic transfor-
mation from endometriosis is usually controversial, and the 
epidemiological evidence on the association is still not clear.

Atypical endometriosis, characterised by endometriotic 
glands with cytological atypia, has been suggested as a tran-
sition between endometriosis and ovarian cancer associated 
with endometriosis [3]. In particular, atypical endometriosis, 
which occurs in 60–80% of ovarian cancers that result from 
endometriosis, is considered the true precursor of ovarian 
cancer [3, 4].

The definition of the association between ovarian can-
cer and endometriosis was first reported by Sampson in 
1925 [5]. He identified the following criteria: (a) there 
must be clear evidence of endometriosis in proximity to the 
tumour, (b) exclusion of a metastatic tumour in the ovary, 
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(c) presence of tissue resembling endometrial stroma sur-
rounding epithelial glands. These cancers are called “endo-
metriosis-associated ovarian cancer” (EAOC). Subsequently, 
Scott proposed an additional stringent criterion: evidence of 
histological transition from endometriosis to cancer to define 
“ovarian cancer arising in endometriosis” (OCAE) [6].

Several studies analysed data about EAOC, whereas few 
published studies fulfilled the application of the more strin-
gent Scott’s criteria to define OCAE, and moreover, most 
articles regarding the malignant transformation of endo-
metriosis are case reports. The real pathological and aetio-
logical differences between these two populations remain 
unclear (Fig. 1).

It has been suggested, although not completely consist-
ent, that EAOC patients tend to have a better prognosis than 
patients with ovarian cancer without endometriosis: differ-
ences in histology, tumour grade and early stage may explain 
these findings [7]. The prognosis and the histological char-
acteristics of OCAE have rarely been studied [8].

To our knowledge, there are no studies that have evalu-
ated the relation between EAOC and OCAE.

The aim of this systematic review is to analyse the dis-
tribution of different ovarian cancer histotypes in EAOC 
and in OCAE. Observing differences in the distribution of 
histological types of ovarian cancer in these two different 
anatomopathological conditions may provide some informa-
tion to understand their similarities and differences.

Methods

This review was conducted according to PRISMA (Preferred 
Reporting Items for Systematic reviews and Meta-Analyses) 
[9] and was registered in PROSPERO in April 2022 (Regis-
tration ID Number CRD42022314513).

Literature Search

We performed a PubMed/EMBASE search of papers pub-
lished from January 1990 to March 2022. The search terms 
“endometriosis”, “endometriotic cyst” and “endometrioma”, 
in combination with “ovarian neoplasm”, “ovarian cancer”, 
“endometrioid carcinoma” and “clear cell carcinoma”, were 
used as free text and as Medical Subject Heading (MeSH) 
terms.

A PICOS (Patient, Intervention, Comparator, Outcome, 
Study) design structure was used to develop the study ques-
tions and the inclusion/exclusion criteria.

Study Selection

Two authors (F.C. and S.C.) screened the papers and inde-
pendently selected the articles eligible for the systematic 

review and disagreements were resolved by discussion. 
They also reviewed the reference lists of the retrieved 
papers to identify any potential additional studies that could 
be included. If several published reports of the same study 
were available, only the one with the most detailed infor-
mation was included. Only studies reporting original data, 
full-length articles and published in English were selected.

Inclusion Criteria

The inclusion criteria for the selection of studies were as 
follows:

1)	 Studies in which the selection of cases of ovarian cancer 
with endometriosis met Sampson’s criteria and the cases 
were termed “endometriosis-associated ovarian cancer”.

2)	 Studies in which the selection of ovarian cancer cases 
with endometriosis also met the stricter Scott criteria 
and the cases were termed “ovarian cancer arising in 
endometriosis”.

3)	 Studies reporting the histotypes of ovarian cancer.
4)	 Studies reported the total number of ovarian cancers 

with endometriosis (without histotype selection) and 
number of different histotypes of ovarian cancer.

Exclusion Criteria

Studies were excluded if they were:

1)	 Studies that included only some histological types or 
some stages of eligible patients

2)	 Studies that did not report the frequency of histological 
types

Data Extraction Categories

For each study, the following information was collected: first 
author’s last name; year of publication; country of origin; 
study design; age, if available; endometriosis diagnosis and 
site; ovarian cancer histotype diagnosis; and FIGO (Inter-
national Federation of Gynecology and Obstetrics) stage.

Supplementary file (SF) SF1 shows the flowchart of the 
studies selection.

Statistical Analysis

Difference in EAOC and OCAE histological type distribu-
tions was evaluated with Pearson’s chi-square test.

Among the selected studies, four reported the histologi-
cal type distribution of both EAOC and OCAE. With the 
aim to compare the frequency of endometrioid and/or clear 
cell histology in EAOC and OCAE, we computed the unad-
justed odds ratios (OR) for each study. Then, random effect 
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meta-analyses were performed to estimate overall unadjusted 
OR and corresponding 95% confidence interval. Percentages 
of residual variation due to heterogeneity were also reported.

Analyses were performed using STATA (StataCorp. 
2015. Stata Statistical Software: Release 14. College Sta-
tion, TX: StataCorp LP) and SAS 9.4 (SAS Institute, Cary, 
NC, USA).

Results

A total of 31 studies were identified for inclusion in the sys-
tematic review. Four studies added data for both EAOC and 
OCAE [10–13].

Endometriosis‑Associated Ovarian Cancer (EAOC)

Twenty-three studies of EAOC were selected, involving a 
total of 800 patients (SF2). In six studies, EAOC was defined 

as “ovarian cancer with endometriosis identified histologi-
cally in the same ovary, or endometriosis in one ovary and 
ovarian cancer in the contralateral ovary, or ovarian cancer 
with pelvic endometriosis” [11, 14–18]. In seven studies, 
the authors confirmed the coexistence of endometriosis and 
ovarian cancer in all cases [12, 19–24]. In the other stud-
ies, the presence of endometriosis with ovarian cancer was 
revealed by histopathological reports [10, 13, 25–32]. The 
mean age, if available, ranged from 41.1 to 58 years. Meno-
pausal status was reported in six studies: in all but one (17), 
more than 50% of the women were premenopausal.

As shown in Table 1, of the 800 patients with endometrio-
sis-associated ovarian cancer, 37.8% (95% CI 34.5–41.2) had 
clear cell carcinoma, 36.8% (95% CI 33.5–40.2) had endome-
trioid carcinoma, 4% (95% CI 2.8–5.6) mixed, 12.9% (95% CI 
10.7–15.4) serous and 3.6% (95% CI 2.5–5.2) had mucinous 
carcinoma. Other histologies were less common. The FIGO 
stage of ovarian cancer was reported in 17 studies: from 45.5 
to 100% of cases were stages I and II. The presence of atypical 

Fig. 1   The endometriosis-associated ovarian cancer and the ovarian cancer arising in endometriosis
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endometriosis was reported in five studies: in two studies, the 
frequency of atypical endometriosis was lower than 33% [14, 
23], whereas in the other three studies, the presence of atypia 
ranged from 75 to 100% of cases [10, 16, 22] (see SF3a). Ogawa 
et al. observed the transition from typical to atypical endometrio-
sis in 60% of cases and the transition from atypical endometrio-
sis to carcinoma in 62% of cases. Only in one case, a direct tran-
sition from typical endometriosis to carcinoma was observed. 
Probably, the patients in whom the transition from endometriosis 
to carcinoma was observed could be considered OCAE, but as 
in the article the authors do not distinguish the frequencies of 
histological type in the two subpopulations, EAOC and OCAE, 
we consider all cases as EAOC, as reported in the article [22].

Overall survival at 5 years ranged from 76.9 to 80.3% and 
disease-free survival ranged from 55.4 to 77.6%, in the three 
studies that reported this data [11, 15, 25], while the Acien 
study showed, in invasive EAOC, a survival rate of just over 
40% [14]. Moreover, a study did not demonstrate a difference in 
survival based on histology, whereas patients with stage III or 
IV cancer correlate with poor overall survival [12] (see SF3a).

Ovarian Cancer Arising in Endometriosis (OCAE)

We also selected 12 studies in which ovarian cancer was 
defined as “arising in” endometriosis (Sampson and Scott’s 
criteria) (SF4). Three studies described ovarian cancer cases 
as “associated with” endometriosis, but since the authors 
defined cases as meeting Sampson and Scott’s criteria, 
we included them as OCAE [33–35]. Three studies also 
included cases of extra-ovarian cancer [12, 13, 36]. The 
mean age ranged from 41 to 54 years.

As shown in Table 2, of the 375 patients with OCAE, 
43.5 (95% CI 38.5–48.5) had clear cell carcinoma, 35.7 
(95% CI 31.1–40.7) endometrioid carcinoma, 2.7% (95% 
CI 1.5–4.8) mixed, 12.5% (95% CI 9.6–16.3) had serous and 
2.4% (1.3–4.5) mucinous carcinoma. Seven studies reported 
FIGO stage: from 36.0 to 89.0% were stage I.

Only four studies reported the presence of atypical endo-
metriosis: Fukunaga and Prefumo both documented the pres-
ence of severe atypia in 91 and 100% of ovarian cancer cases 
arising in endometriosis respectively [10, 39]. In Fukunaga’s 
study, this type of lesion showed histological contiguity with 
neoplasm [10]. The overall survival at 5 years varied from 
62 to 91.2%, but only two studies reported this information 
(SF3b) [11, 34].

Meta‑analysis

There were no significant differences (p-value = 0.3376) 
in the distribution of the different histotypes of epithelial 
ovarian cancer in the two populations analysed: EAOC and 
OCAE.

Four of the selected studies reported both EAOC and 
OCAE and their histological type distribution. When we 
performed a meta-analysis to compare the frequency of CCC 
and EC in EAOC and OCAE, both the histotypes of CCC 
and EC were less frequent in EAOC compared to OCAE, 
as shown in Fig. 2 for CCC (OR = 0.58 (0.26–1.29)) and in 
Fig. 3 for EC (OR = 0.65 (0.33–1.26)).

The frequency of serous carcinoma was lower, 12.9% and 
12.5% in EAOC and OCAE respectively.

Discussion

The results of our review show no significant differences in 
the distribution of histotypes in two populations: EAOC and 
OCAE. Clear cell carcinoma and endometrioid carcinoma 
were the most common subtypes and they were present in 
similar proportions in both selected populations. When we 
performed the meta-analysis in four of the selected studies 
(because they reported the histological type distribution of 
both EAOC and OCAE), both CCC and EC histotypes were 
less common in EAOC than in OCAE, although the dif-
ference was not statistically significant. The frequency of 
serous carcinoma was low in both populations. The other 
histotypes were present in small proportion. The pathogen-
esis of the development of malignancy from endometriosis 
is controversial and partly unknown. Some authors have 
suggested that, in high percentage of cases, the pathologi-
cal transformation begins with atypical endometriosis pro-
liferation, which has a precancerous potential [3, 4, 10, 14, 
41, 42]. The presence and the increase of atypical changes 
in endometriosis may allow the identification of endome-
trial lesions at risk of malignant transformation and thus 
provide clinicians with indications for closer and long-term 
surveillance.

Oestrogen stimulation, tumour suppressor gene inactiva-
tion and oxidative stress reaction have been reported and 
may contribute to ovarian cancer development by creating 
a microenvironment that favours the accumulation of suffi-
cient genetic alterations leading to malignant transformation 
in endometriosis. The genes involved in endometriosis and 
epithelial ovarian cancer have been shown to play a role in 
the pathogenesis of malignant transformation [43]. PTEN 
loss may be an early event in cancer development from 
endometriosis [35], as well as genetic mutations affecting 
ARID1A and PIK3CA seem to play a role [3]. Although 
mutation or loss of function of the p53 tumour suppressor 
gene is rare in endometriosis, it may play an important role 
in malignant transformation and is the most common and 
important genetic event in the development of ovarian can-
cer. P53 alterations were found in atypical endometriosis, 
whereas they were low or absent in non-atypical endome-
triosis. P53 mutation or accumulation was more common 
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in endometrioid and serous carcinoma [38, 44]. In addition, 
the p53 tumour suppressor pathway may be important in 
the development of clear cell carcinoma [45]. Furthermore, 
chronic endometriosis-induced inflammation and the accu-
mulation of genetic alterations contribute to and promote the 
progression to a malignant endometriosis-associated carci-
noma phenotype. All these mechanisms could be of different 
magnitudes in the development of the different histotypes of 
ovarian carcinoma but be common to both associated and 
arising cases, leading to the predominance of clear cell car-
cinoma and endometrioid carcinoma, both in EAOC and 
OCAE. However, this topic is open to debate: recently, some 
authors have suggested that the origin and the relationship 

with endometriosis may be different in clear cell and endo-
metrioid carcinoma [42].

The heterogeneity of epithelial ovarian cancer in relation 
to endometriosis makes the hypothesis of a new therapeu-
tic approach challenging, but further studies are needed to 
understand the malignant transformation or association of 
ovarian cancer and endometriosis and thus identify new tar-
gets for the development of therapeutic interventions against 
EAOC or OCAE.

In the interpretation of our findings, some limitations 
should be considered: the demonstration of a histological 
transition between endometriosis and cancer requires exten-
sive sectioning of the ovaries, which may not always be 

Fig. 2   Clear cell carcinoma in 
EAOC versus clear cell carci-
noma in OCAE

Fig. 3   Endometrioid carcinoma 
in EAOC versus endometrioid 
carcinoma in OCAE
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feasible. The histological examination of too few tumoural 
tissue sections could lead to an underestimation of OCAE 
and a selection bias between “associated” and “arising”. 
Thus, cases of ovarian cancer arising in endometriosis may 
have been considered “associated” because the transition 
from endometriosis to cancer, even if present, was not identi-
fied (Scott’s criterion).

In conclusion, this analysis shows that the histologi-
cal profiles of EAOC and OCAE are similar, suggesting a 
similar aetiopathological mechanism, which requires further 
research to investigate whether EAOC and OCAE may be 
in the same way, but at different points, of transformation 
to malignancy or have different pathways of progression to 
malignancy.
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